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© Probe and method of use for detecting abnormal tissues. 



© Two probes (10,12) for tissue impedance measurement each have first and second conductive rings (16.17) 
unitariiy arranged with an insulative member (19) separating the rings. The conductive rings are coaxially 
arranged and have individual lead wires (22,23) connected thereto which extend from one end of the probe for 
connection to external processing and measuring equipment. One probe (12) is of a size enabling insertion 
within a blood vessel (13) while the other (10) is for location in an epithelial cavity (11). in use an alternating test 
signal is applied to the electrodes of each probe and measurements are taken between the two sets of 
measuring electrodes determining the impedance of the cavity wall tissue (14) lying between the two probes 
without passing current through the tissue. 
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PROBE AND METHOD OF USE FOR DETECTING ABNORMAL TISSUES 

The present invention pertains generally to the detection of the presence of and tendency toward 
abnormal tissue growth and, more particularly, to a probe and method of use of the probe for the detection 
of abnormal tissue and an early indication that tested tissue will become abnormal. 

5 

BACKGROUND 

The term "abnormal tissue" as used herein refers to alt forms of tissues which have undergone 
malignant induction such that these tissues may eventually show loss of growth control which is frequently 

w referred to as cancerous or tumorous growth. The detection of the presence of such abnormal tissues is 
often made difficult because they are located within the body so that until discomfort or other symptons are 
experienced by the individual, the existence of the abnormal tissues may not even be suspected. 
Additionally, procedures for early detection can be so expensive and complex as to make their use 
restricted. Therefore, it would be highly advantageous to be able to detect quickly and simply the presence 

rs of abnormal tissue or ideally the eventuality of abnormal tissue growth within a body cavity of the host, for 
example, and preferably the technique should be minimally invasive. 

Many forms of cancers or tumors require extended periods of time to achieve a size detectable or 
injurious to the host and in some cases this may take many years. Treatment at the present time is 
considerably more effective when the abnormal tissues are in their early phases and long before they have 

20 achieved growth sufficient to cause discomfort or produce symptons. It would, therefore, also be advanta- 
geous to be able to detect the presence of abnormal tissues in their early phases or to detect the tendency 
for tissues to become abnormal. 

Several research efforts have been directed toward discovering the relationship between the electrical 
impedance of biological tissue and its condition or health. For example, U.S. Patent 3.949,736 discloses that 

25 the impedance of biological tissues can provide a useful indication as to whether tissues are healthy or 
diseased Specifically, this patent suggests that changes in impedance of biological tissues can be used as 
a technique for diagnosis of certain carcinomas. According to this patented technique, a low level electric 
current is passed through the investigated tissue with measurement of the voltage drop across the tissue 
providing an indirect indication of the overall tissue impedance (i.e., resistance and capacitance). Also, 

30 according to this patent, increase in the impedance of the tissue is associated with an abnormal condition of 
the cells composing the tissue and indicative of a tumor, carcinoma, or other abnormal biological condition 
of the tissue. 

35 SUMMARY OF THE DISCLOSURE 

A probe for use in effecting measurements of tissue impedance consists of first and second conductive 
rings unitarily arranged with an insulative member separating the rings. The conductive rings, one a 
measuring and the other a working electrode, are generally coaxiaily arranged and have individual lead 
40 wires connected thereto which extend from one end of the probe for connection to external processing and 
measuring equipment 

A second probe, which may be constructed in the same manner as the first probe, has electrodes each 
consisting of annular conductors mounted within an elongated insulative tubular member substantially 
smaller than the probe, and, in particular, are of a size and shape enabling their receipt within a blood 
45 vessel, for example. 

In use, the first probe containing one set of electrodes is inserted within an epithelial cavity (e.g., the 
colon) and located at a test position through the use of an endoscope. Then the second p'robe is passed 
along a suitable blood vessel which may be located adjacent to the wall of the tissue defining the epithelial 
cavity within which the first probe is located. Optionally, the second probe may be located in the skin (either 
so intradermal or subcutaneous), on the skin outer surface, or within a relatively remote blood vessel. An 
alternating test signal is then applied to the working electrodes of each probe and measurements, are taken 
between the two sets of measuring electrodes determining the impedance of the cavity wail tissue lying 
between the two probes. 

The external measuring and processing system consists of a microcomputer which automatically 
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controls a programmable impedance {resistance and capacitance) for balancing with the measured im- 
pedances between the probes, and displaying onto a CRT or other suitable output display device the 
information obtained. The AC input to the working electrodes is selectable to any desired frequency value 
over an extensive frequency range (10Hz-7Hz). 

5 

DESCRIPTION OF THE DRAWING 

Figure 1 is a schematic view of the measuring and working electrodes shown interconnected with 
w control and processing equipment. 

Figure 2 is a side elevational, sectional view of an impedance probe of the present invention having 
two measuring electrodes and interconnecting lead wires. 

Figures 3 and 4 are end elevational, sectional views taken along the lines 3-3 and 4-4 of Figure 2. 
respectively. 

; 5 Figure 5 is a side elevational, partially fragmentary view showing the probe and working electrodes in 

place within the body of the individual. 

Figures 6A and 6B show, respectively, electrical circuit schematics of the two stages for measuring 
tissue impedance. 

Figure 7 is a graph of average tissue impedance measurements taken with the described probe and 
20 control and processing equipment. 



DESCRIPTION OF A PREFERRED EMBODIMENT 

25 Turning now to the drawings and particularly Figure 5, there is shown a probe 10 to be more 

particularly described which can be readily located within an epithelial cavity 11 of a test subject The probe 
10 in use electrically interacts with a second probe 12 selectively positioned in a blood vessel 13 to 
measure the impedance of the tissues 14 lying between the two probes. 

As has been alluded to generally, and as will be more particularly described later therein, it is a basic 

30 premise of the present invention that the magnitude of electrical impedance of the tissues provides a direct 
indication as to the health or diseased condition of these tissues. It is believed, therefore, that the described 
techniques will be highly useful in the diagnosis of most epithelial carcinomas such as lung, colon rectum, 
cervix, pancreas, bladder, oro-pharynx, naso-pharynx, vagina, urethra, renal calyx, trachea, gal) bladder, bile 
ducts, and small bowel, for example. 

35 As can be seen best in Figure 2, the probe 10 includes first and second annular metallic electrodes 16 
and 17 unitarily assembled with first and second insulative cylinders 18 and 19 and an insulative nose 20. 
The nose is generally conical and is affixed onto a circular side of the first electrode 16, the opposite side 
of this electrode being secured to the end wall surface of insulative cylinder 19. Similarly, the second 
electrode 17 has one side wall affixed to the end wall of cylinder 19 and the other side wall secured to the 

40 first insulative cylinder end wall surface. 

The electrodes 16 and 17 along with the insulative cylinders 18, 19 and the nose 20 are assembled into 
a unitary cylindrical affair, the outer surface of which is smooth. A rod-like member 21 extends through the 
axially arranged bores of the insulative cylinders and electrodes and has its inner end embedded within the 
nose 20. 

45 A first lead wire 22 extends along the member 21 and has one end conductively secured to an inner 

part of the electrode 16. A second lead wire 23 extends along the opposite side of member 21 through the 
bore of cylinder 18 and has its inner end conductively secured to an inner surface of electrode 17. 
Preferably, the cable wires 22 and 23 are enclosed with the member 21 by a smooth insulative covering 24 
to protect surrounding tissues when the probe is being inserted into and removed from the body of a test 

so subject. 

Although other materials may be found suitable for constructing a probe 10, best results to date have 
been obtained by making annular electrodes 16 and 17 from silver which is coated with silver chloride 
(AgCfe). This coating increases the electrode surface area approximately 10,000 times which reduces a 
problem sometimes referred to by the term "electrolytic polarization impedance" to be discussed in detail 
55 later herein. 

The cylinders 18, 19 and the nose 20 are preferably constructed of a molded or machined synthetic 
plastic which is non-toxic, a good electrical insulator and can be brought to a highly smooth condition. 
Suitable materials for this purpose are nylon or the plastic sold under the commercial designation Delryn. 
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The second probe 12 is preferably constructed in the same manner as probe 10 with a pair of highly 
conductive cylinders separated by insulative members. The probes 10 and 12 are of a size commensurate 
with their ultimate use location. Thus, if contemplated for intravenous disposal, they are relatively small, 
whereas if considered for emplacement within, say, the colon, they can be correspondingly larger. 

5 Biological tissue such as tissue 14 consists generally of semisolids and liquids which from the 

standpoint of their electrical characteristics act as electrolytes. The interface between the electrolyte and an 
electrode produces a so-called electrode-polarization impedance on the passage of an electric current 
therethrough, which can be of such magnitude as to impose a serious error in any tissue impedance 
measurement, and, therefore, compensation or elimination must be provided. The electrode silver chloride 

70 coating by increasing the electrode surface area (e.g., approximately 10,000 times) substantially reduces 
the electrolytic impedance. However, even with this coating the electrolytic impedance problem cannot be 
satisfactorily solved in 2-electrode measurement of tissue impedance (i.e., measuring the impedance by 
passing current through tissues lying between two electrodes). One approach to compensating for 
electrolytic impedance is to adopt a 4~e!ectrode system, and this general scheme is adopted here. For a 

75 detailed discussion of theoretical aspects of this general approach reference is made to the article entitled, 
"An Operational Amplifier 4-Electrode Impedance Bridge for Electrolyte Measurements" by C. D. Ferris and 
Donald R. Rose in Medical Biological Engineering, Volume 10, pages 647-654. 1972. 

For the ensuing discussion of the electrical control and tissue impedance measurement equipment used 
with the probe 10 and work electrodes 16, 17, reference is now made to Figure 1. A programmable 

20 oscillator 25 is selectively variable to provide test voltage in a range from 1QHz-7Hz. The alternating current 
output of oscillator 25 is applied to a bridge transformer 26 which is interconnected through a switch 
network 27 and bridge amplifier 28 to apply the selected oscillating voltage signal across certain of the 
pro be electrodes as will be discussed in detail later, in addition, the switch network and bridge amplifier 
interconnect the electrodes of the two probes 10 and 12 with first and second programmable impedances 

25 29 and 30. Biological tissues do not exhibit electrical inductance characteristics, and. therefore, the 
programmable impedances are further identified by the schematic representations "R1 C1 "R2.C2". 

Figures 6A and 6B depict respectively, first and second circuital arrangements used to accomplish 
what is a two stage tissue impedance measurement. In the first stage circuit, one side of the oscillating 
voltage signal from the bridge transformer 26 is applied to electrode 17 of probe 10 {which may be termed 

30 a "working" electrode) while the electrode 16 (a "measuring" electrode) is fed as one input to a differential 
amplifier 31. The other terminal of transformer 26 is connected to a common point of the parallel 
programmable resistance-capacitance arrangement identified as "R1.C1" the other common point of which 
connects with electrical ground and a working electrode of probe 12, The other, a measuring electrode of 
probe 12, serves as a second input to differential amplifier 31. The transformer other terminal is fed to a 

35 further amplifier 32. The amplification factors of amplifiers 31 and 32 are the same. The signal outputs of 
amplifiers 31 and 32 feed into bridge amplifer 28, also a differential amplifier. 

The first stage measurement provides a first order approximation of the tissue impedance which is the 
programmed value of "R1d n when the bridge circuit is balanced. It is of particular importance to note that 
in making this measurement virtually no current passes through the tissue 14 and, therefore, the possibility 

40 of an error from electrolytic polarization impedances is obviated. 

On conclusion of the first stage impedance measurement, the microcomputer 33 (Figure 1 ) effects via 
switch network 27 a substitution of a second set of programmable impedances, R2C2, for the probes 10 
and 12. More particularly, one common point of R2C2 is connected to the grounded common of R1 C1. 
The remaining common point of R2.C2 is fed into amplifier 31, the other input being grounded. Adjustment 

45 of R2/C2 is then made under control of the microcomputer following which the value of R2C2 represents a 
precise measurement of the tissue impedance after the bridge circuit is balanced. 

The second stage of balancing "R2-C2" against "R1 C1" acts to neutralize distributed impedances 
associated with cabling and internal equipment and circuit sources. 

Still further as to overall system operation, unbalanced bridge amplifier signals are peak detected at 38, 

so and coverted to digital form in the analog-to-digital converter 39 for insertion into the microcomputer. The 
computer, in turn, automatically adjusts the values of "R1 C1" until the bridge is balanced as indicated by 
the digital value returned by the A<D converter. Then, in the second stage the adjusted value of R1 C1 is 
maintained and R2C2 is adjusted to bridge balance with the final value of R2 C2 being the tissue 
impedance. 

55 As shown, operation is preferably under the control of a microcomputer 33 which may have a 

conventional set of peripherals, such as disc drivel, cathode ray tube display 35 ("CRT"), key board 36. 
and printer 37. The values of R2.C2 and R1-C1 are automatically changed to achieve the highly accurate 
two-stage measurement of tissue impedance. A single output frequency of oscillator 25 can be selected by 
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inserting a proper command via keyboard 36, for example, or the computer program can specify another 
frequency or consecutive set of frequencies desired for impedance measurement. Also, a graphical 
representation of tissue impedance values measured can be displayed at the CRT 35 and printed out in 
desired manner at 37. 

5 Figure 7 is a graph showing a number of impedance traces taken of various test subjects and over an 

extended frequency range of test voltage. The straight line traces are measurements made of test animal 
tissues with inbred resistance to abnormal tissue growth not otherwise known to be diseased, and which 
animals had been given fourteen (14) weekly injections of physiological saiine, and, therefore, are 
concluded to be "healthy" tissues. The dotted line traces, on the other hand show tissue impedance values 

io obtained from test animals which had received 14 weekly injections of DMH (dtmethyihydrazine) a known 
carcinogen, the majority of which animals develop tumors after twenty-six (26) weeks of injections. As the 
graph clearly shows, the capacitance of healthy tissues is substantially greater than that of tissues which 
will eventually develop tumors. Measurements of electrical resistance alone at the same intervals have 
shown no significant change. 

15 The use of DMH in laboratory animals is generally accepted as a model of large bowel cancer similar to 
spontaneously occuring cancer in man. See in this connection the comments of N. Thurnherr. E. E. De- 
schner, E H. Stonehill. M. Lipkin, in Cancer Research, Volume 33, page 940 (1973). 

The graph of Figure 7 depicts the average values of ten (10) different test subject measurements 
(straight line) as compared with traces taken for the same number of test subjects injected with DMH. The 

20 results clearly show that healthy tissue has a substantially greater and definable capacitance than that of the 
tissues which will become abnormal. 

A rnicrocmputer 33 used in a practical constructed of the invention is a single-board microcomputer 
manufactured by Apple Computer and accomplished the described functions under control of the following 
program: 

25 
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4 1 C 1 x A*? 74 




1 o • 


LDA 


#*34 


CA2-I 


a» on C\ 1 




158 


STA 


«C301 


4JC6X0A 




159 


TXA 






41C7;FO 04 


41CD 


160 


SEG 


NXT3 




41C9ICA 




161 


TEX 






4 1 CAx 4C AB 


41 


162 


JMP 


AGN3 




41CDi 




163 | 






VALUE 


41CDI 




164 | 




BEAD BRIDGE 


4lCDt 




165 > 








41CDxEA 




166 NXT3 


MOP 






41CE:AD 02 


C3 


167 READ 


LDA 


«C302 


BRIE 


41DHBD 17 


40 


16B 


STA 


*4017 


«1D4x60 




169 END 


RTS 







ENABLE <*CE X ) f? PC DATA <RCD S) 
<PC CLK> HIGH 
<SC CLK> LOW 



30 

MANUAL OPERATION SOFTWARE 



200 REM 

201 REM VARIABLE LIST 

202 REM 

40 204 DIM FRQ<12)i DIM FRQ* < 1 2 ) i REM FREQUENCY VALUES 

205 FRQ(O) = OsFRQ*(0> * "OFF" 

206 FRQ ( 1 ) ■ 5 s FRQ* < 1 > = "20" 

207 FRQ(2> = 6:FRQ*<2> = "50" 



208 


FRQ (3) = 


7: FRQ* f 3) = " 


70" 


45 209 


FRQ (4) = 


BsFRQ*<4> = " 


100" 


210 


FRQ <5) = 


P S FRQ*f5> = " 


200" 


211 


FRQ (6) = 


10:FRQ*(6) - 


"500" 


212 


FRQ < 7 ) = 


t Is FRQ* (7 > = 


"700" 


213 


FRQ(8> = 


12:FRQ*(S> = 


"IK" 


so 214 


FPQ<9) = 


13jFRQ*(9) - 




215 


FRQ (10) 


~ 14sFRQ«(10> 


= "5K" 


216 


FRQ < 1 1 > 


= 15s FRQ* < 11) 


= "7K" 



220 DIM MD<3>: DIM MD* (3^5 REM MODE VALUES 

221 MD<1> = <">:MD«U) * "CAL" 
55 222 MD(2> = 1:MD*<2> « "Ml" 

223 MD<3) = 2sMD$^3) - ,, M2" 
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230 
231 

233 
234 
235 
240 
241 
242 

243 
244 
2 SO 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

1 OOO 
lOOl 
1002 
1004 
1 0O6 

iooa 
i o i o 

1012 
3 0 1 4 
1016 
1018 
1020 
2000 
2001 
2O02 
2004 
2006 
2O0B 
2010 
2012 
2014 
2016 
2018 
2020 
2022 
2024 
2026 
2028 
2030 
2032 



DIM Rl*U2)i DIM Ci«<12)l REM 

DIM R2*(12): DIM C2*(12)i REM 

FOR N * 1 TO 12 
Rl* <N> ■ H - M xCl*(N> ■ - - H 
R2*<N) « •» - U ;C2*<N) « *' - " 

NEXT N 

DIM BAL (12): DIM BAL* (12) 

FOR N - 1 TO 12 
BAL <N> *= PEEK (16389) * 1000 h 

lO + PEEK (16386) 
BAL* (N) m STR* < BAL < N) ) 

Nt XT N 

DIM SYS* (lO) i REM 



Rl&Ci 
R2S.C2 



DISPLAY 
DISPLAY 



VALUES 
VALUES 



PEEK C16388> % 100 + PEEK (16387) 



SYSTEM MODES 



** MAN " 

"AUTO" 

"BIT** 

"STBY M 

" AGO 14 

"BAL" 

M Rr 

M C 1 " 
"R2 M 
"C2 M 



MENU CHOICES 



GET ANS* : PRINT 



SYS*U> 
SYS* (2) 
SYS* (3) 
SYS* (4) 
SYS*(5> 
SYS* (6) 
SYS* (7> 
SYS* (8) 
SYS* (9) 
SYS*(10> = 
REM 
REM 
REM 

GOSUB lOOOO 
SYS = At GOSUB 11 OOO 
VTAB 22 2 PRINT BELL*; "MANUAL OPERATION ? " ; x GET ANS* s PRINT 
VTAB 22: PRINT SPC ( 38 > : " " 
IF ANS* * "Y" THEN GOTO 20OO 
VTAB 22: PRINT BELL * ; "AUTO OPERATION 
VTAB 22: PRINT SPC < 30);" " 
IF ANS* « "Y" THEN GOTO 4000 
GOTO 1008 
REM 
REM 
REM 
SYS * 
VTAB 22 i 
VTAB 22 I 
IF ANS* 
VTAB 22: 
VTAB 22: 
IF ANS* i 
IF ANS* : 
IF ANS* i 
GOTO 2012 

GOSUB 120001 GOTO 2006 

VTAB 22: PRINT BELL*; "SET FREQUENCY *? GET ANS* : PRINT 

VTAB 22: PRINT SPC < 38 > ; HM 

XF ANS* < > "Y" THEN GOTO 2056 

VTAB 22: PRINT BELL*;: INPUT "ENTER FRED, (HZ> OR 9 O 9 FOR OFF i "; 
NS* 



MANUAL MODE 
It GOSUB 11 OOO 

22: PRINT BELL* | "SET MODE 7 
22 i PRINT SPC( 38);"" 

< > "Y" THEN GOTO 2026 
PRINT BELL*;"1-CAL 2-M1 
PRINT SPC < 38) ; " " 
<= "1" THEN MD * O: GOTO 2024 
= "2" THEN MD = I : GOTO 2024 
* "3 M THEN MD « 2: GOTO 2024 



; I GET ANS* i PRINT 



3-M2 



t GET ANS*s PRINT 
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2034 VTAB 22: PRINT SPC ( 38);"" 

2036 IF ANS* ■ "O" THEN FRO ~ O: GOTO 2054 

2038 FOR N « t TO 7 

2040 IF ANS* * FRQ*<N) THEN FRQ -= N: GOTO 2054 

2^42 NEXT N 

2044 IF ANS* ~ "lOOO" THEN FRQ * 8: GOTO 2054 

2046 IF ANS* « "2000" THEN FRQ = 9: GOTO 2054 

2048 IF ANS* * "5000" THEN FRQ = 10s GOTO 20*54 

2050 IF ANS* * "7000" THEN FRQ ■ 11: GOTO 2054 

2052 GOTO 2032 

2054 GOSUB 12O00I GOTO 2026 

2056 VTAB 22i PRINT BELL*; "SET BRIDGE GAIN 7 "p GET ANS*: PRINT 

2058 VTAB 22i PRINT SPC ( 38>f ,,H 

2060 IF ANS* < > "Y" THEN GOTO 2076 

2062 VTAB 22: PRINT BELL*; x INPUT w ENTER GAIN VALUE I ** ; ANS* 

2064 VTAB 22: PRINT SPC < 38>| ,,M 

2066 FOR N ■ O TO 7 

2068 IF STR* <2 ~ N) = ANS* THEN GN « N: GOTO 2074 

2070 NEXT N 

2072 GOTO 2062 

2074 GOSUB 120O0i GOSUB 13026s GOTO 2056 

2076 GOSUB 13COO 

2078 VTAB 22: PRINT BELL*;: INPUT "ENTER BALANCE VALUE <QR 'OM : " ; ANS* 



2080 VTAB 22: PRINT SPC ( 38) i M * 

2082 IF VAL <ANS«) O THEN GOTO 21C2 

2084 IF O < VAL (ANS*> < lOOOO THEN GOTO 2088 

2086 GOTO 2102 

2088 FOR N = 16386 TO 1 6389: POKE N,0: NEXT N 
2090 A * 16385 + LEN (ANS*) 

2092 FOR N = 1 TO LEN < ANS* ) S POKE A, VAL < MID* < ANS* , N > 1 ) > 
2094 A - A - 1 
2096 NEXT N 
2098 GOSUB 13000 
2100 GOTO 2078 

2102 VTAB 22: PRINT BELL* ; i INPUT "ENTER Rl VALUE 'OR 9 O* > " ; ANS* 

2104 VTAB 22: PRINT SPC < 38)| MM 

2106 IF VAL (ANS*) - -O THEN GOTO 2126 

2108 IF O < VAL (ANS*> < 10O00 THEN GOTO 2112 

21 lO GOTO 2102 

2112 FOR N * 16391 TO 16394: POKE N, O: NEXT N 
2114 A * 16390 + LEN (ANS* ) 

2116 FOR N * 1 TO LEN (ANS*): POKE A, VAL ( MID* <ANS*,N, 1>> 
2118 A = A— 1 
2120 NEXT N 
2122 GOSUB 13000 
2124 GOTO 2102 

2126 VTAB 22: PRINT BELL*; I INPUT "ENTER CI VALUE (OR * O* ) " ; ANS* 

2128 VTAB 22 i PRINT SPC < 38) |"" 

2130 IF VAL (ANS* ) * O THEN GOTO 2150 

2132 IF O < VAL (ANS*> < lOOOO THEN GOTO 2136 

2134 GOTO 2126 

2136 FOR N * 16395 TO 16398: POKE N,Os NEXT N 
2138 A « 16394 + LEN (ANS* ) 

2140 FOR N * 1 TO LEN (ANS*> : POKE A, VAL ( MID* <ANS*,N,1>) 
2142 A « A - 1 
2144 NEXT N 
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w 



75 



20 



25 



30 



35 



40 



45 



50 



2146 
2148 
2150 
2152 
2154 
2156 
2158 
2160 
2162 
2164 
2166 
2168 
2170 
2172 
2174 
2176 
2178 
21 BO 
2182 
2184 
2186 
2188 
2190 
2192 
2194 
2196 
2198 
9999 
1O000 
lOOOl 
t 0002 
10004 
1 0006 
10008 
1 OO 1 0 
10012 
1O014 
10016 
1O018 
1C020 
1 O022 
10024 
1 0026 
10028 
1 OC30 
10032 
10034 
10036 
10038 
10040 
1G042 
10044 
10046 
10048 
10050 



GOSUB 13000 
GOTO 2126 

VTAB 22i PRINT B£LL*;x INPUT "ENTER R2 VALUE (OR »OM ";ANS* 

VTAB 22i PRINT SPC ( 38>j MM 

IF VAL <ANS*> * O TREN GOTO 2174 

IF 0 < VAL <ANS*> < 10000 THEN GOTO 2160 

GOTO 2150 

FOR N - 16399 TO 16402s POKE N,0: NEXT N 
A * 16398 «*■ LEN (ANS*> 

FOR N * 1 TO LEN ( ANS* ) : POKE A, VAL < MID* <ANS*,N,1>> 
A = A - 1 

NEXT N 

GOSUB 130O0 

GOTO 2150 

VTAB 22* PRINT BELLS % x INPUT "ENTER C2 VALUE (OR 'O') " ; ANS* 

VTAB 22: PRINT SPC ( 38 > i " " 

IF VAL <ANS*> « O THEN GOTO 2198 

IF 0 < VAL <ANS«) < 10000 THEN GOTO 2184 

GOTO 2174 

FOR N » 16403 TO 164061 POKE N, O: NEXT N 
A - 16402 + LEN (ANS*) 

FOR N * 1 TO LEN (ANS*) t POKE A, VAL ( MID* f ANS*, N, I ) ) 
A * A - 1 

NEXT N 

GOSUB 13000 

GOTO 2174 

GOTO 1O06 

END 

REM 

REM DISPLAY FORMAT 

REM 

HOME sT* ~ "AMERICAN MED I SCAN 1 * 
HTAB 20 - INT < LEN <T») / 2> s PRINT T* 

PRINT " " 

VTAB 3s PRINT SPC ( 38 > 

VTAB 3a INVERSE 

PRINT "SYS"| 

HTAB 10; PRINT "MODE" » 

HTAB 19i PRINT "FREGT| 

HTAB 30i PRINT "GAIN" 

NORMAL 

PRINT " »: PRINT 

HTAB Is PRINT M FR£Q" ; 
HTAB 7i PRINT *'BAL M s 
HTAB 14i PRINT "Rl w | 
HTAB 22a PRINT "Cl"i 
HTAB 29s PRINT "R2"| 
HTAB 37t PRINT M C2* 
VTAB 8 

FOR N - 1 TO 11 

HTAB 4 - LEN (FRQ* (N) ) i PRINT FRQ* (N) 
NEXT N 

VTAB 20 1 PRINT " " 

VTAB 21 I HTAB 25s PRINT "VALUE S " 
RETURN 
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1 1 ooo 
liooi 

1 1 002 
11D04 
1 1 006 
11C08 
11010 
1 1012 
1 1 0 1 4 
11016 
11018 
11020 
11024 
11Q26 
11028 
12000 
12O01 
12002 
12O04 
12006 
12O08 
12010 
12012 
12014 
13000 
13001 
13002 
13003 
13004 



REH 

REM 

REM 

VTAB 
MD « 

VTAB 
FRQ « 

FOR N 



DISPLAY SYSTEM DATA 



3i HTAB 5i PRINT SYS* (SYS); SPC ( 5 - LEN ( SYS* ( SYS) > > ; 
PEEK (16384) 

3a HTAB 15j PRINT MD*(MD + 1); SPC < l)j MM 
PEEK (16385) 
O TO 11 



IF FRQ(N) 
NEXT N 



FRQ THEN FRQ 



N: 60T0 11020 



GOTO 
VTAB 
6N* « 

VTAB 
RETURN 
REM 
REM 
REM 
POKE 
POKE 
POKE 
CALL 
6Q5UB 



11022 

Zt HTAB 24i 
STR* (2 * 
3i HTAB 35 i 



PRINT FRQ< (FRQ) ; SPC ( 6 - LEN (FRQ* (FRQ) ));"' 
< PEEK (16390))) 
PRINT SN*; SPC ( 4 - LEN ( 6N* ) ) ; " " 



SET MODE, FREQ, GAIN 



16384, MD 

16385, FRQ (FRQ) 
16390, GN 
16742 

HOOO 



RETURN 
REM 
REM 
REM 

IF FRQ - 
BAL* (FRQ) 
(16387) * 
13006 Rl* (FRQ) » 

(16392> * 10 
13008 CI* (FRQ) 



BAL, Rl, CI, R2,C2, VALUE / FREQ 
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THEN RETURN 

STR* ( PEEK (16389) * 10O0 + PEEK (16388) * lOO + PEEK 
+ PEEK (16386)) 

STR* ( PEEK (16394) * lOOO <*■ PEEK (16393) * lOO + PEEK 
+ PEEK (16391)) 

*♦« STR* ( PEEK (16398)) + STR* < PEEK (16397)) * STR* 



( PEEK (16396)) + STR* ( PEEK (16395)) 
13010 R2* (FRQ) * STR* < PEEK (16402) * lOOO 

(16400> * lO + PEEK (16399)) 
13G12 C2*(FRQ) ■ " . " * STR* ( PEEK (16406)) 



+ PEEK (16401) * lOO + PEEK 
+ STR* < PEEK (16405)) + STR* 



( 

13014 
1 30 1 6 
13C1B 
13020 
13022 
13024 
13026 
13028 
13030 
13032 
13034 
13036 
13038 
13040 
13042 
13044 



PEEK (16404)) * STR* ( PEEK (16403)) 
VTAB 7 + FRQ; HTAB 5j PRINT SPC ( 35);""i VTAB 
HTAB 10 - LEN (BAL* (FRQ) ) s PRINT BAL* (FRQ) } 
HTAB 17 - LEN (Rl*(FRQ))i PRINT Rl* CFRQ) ; 
HTAB 20i PRINT CI* (FRQ) i 

HTAB 32 - LEN (R2* (FRQ) ) : PRINT R2* (FRQ) j 
HTAB 35i PRINT C2*(FRQ> 
CALL 167421 VN * 255 X VX * O 
FOR N ■ 1 TO 5 
V ~ PEEK (16407) 
IF V* < V THEN VX - V 
IF VN > V THEN VN ■ V 
NEXT N 

IF ABS (VX - VN) > 2 THEN GOTO 
VL* * STR* ( INT ( ABS ( (VX + VN) 
VTAB 21 1 HTAB 33 x PRINT VL*; " 
RETURN 



7 ■♦" FRQ 



13026 
/ 2) )) 
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Ninety (90) percent of human cancers are of epithelial origin. Epithelial cells tend to line hollow organs 
or line the ducts of glandular tissue. Many of these organs are amenable to examination with endoscopes. 
For example, the .bladder is accessible by a cytoscope, lungs by a bronchoscope, stomach by a 
gastroscope and so on. It is reasonable to expect that impedance studies can be carried out by simple 
modifications of these instruments placing a probe at the end of the instrument so that measurements of 
capacitance can be made in patients at risk for cancer development in the different organs. The described 
apparatus and technique, therefore, has far reaching implications in the early detection of premaiignant 
changes in many tissues and, as a result, have a major impact on cancer death rates. 

The described techniques would be especially valuable in reducing death rates from large bowel 
cancer. A coionscope or sigmoidoscope modified to carry a probe of this invention can measure the 
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capacitance of the colonic or rectal mucosa in vivo (inside the patient) and make recommendations based 
on these studies. At the present time, a patient undergoes colectomy (removal of the diseased bowel) 
based on the presence of dysplasia (abnormal cells) or cancer. These changes often occur late and 
advanced cancers not amenable to cure may be found at surgery. It is believed that the altered electrical 
5 capacitance of the mucosa antecede the histologic changes by many months, or even years making 
secondary prevention in these patients a real possibility. 

Claims 

w 

1. Apparatus for use in effecting epithelial tissue impedance measurements within a test subject, 
characterised by; 

a first probe (10) having first and second annular electrodes (16,17) arranged in spaced relation by an 
intervening insulative member (19); 
75 first and second lead wires (22.23) having an end connected respectively to the first and second annular 
electrodes; 

a second probe (12) have third and fourth electrodes (16,17) with lead wires (22.23) connected thereto: and 
bridge circuit means interconnected with the lead wires of the first and second probe electrodes for 
measuring the epithelial electrical impedance between the probes. 
20 2. Apparatus as in claim 1, in which the probe electrodes are constructed of silver coated with silver 
chloride. 

3. Apparatus as in claim 1 or 2, in which the probe insulative member is constructed of polyethylene. 

4. Apparatus as in claim 1 ,2 or 3 in which the bridge circuit means includes an amplifier having an input 
impedance substantially greater than that of the tissue impedance. 

25 5. Apparatus as in any preceding claim, in which the bridge circuit means has a first stage configuration 

including a source of oscillatory voltage (26) with two terminals, a lead wire interconnecting the first 
electrode with one terminal of the oscillatory voltage source, a selectively variable resistance-capacitance 
impedance means (29) interconnected between the oscillatory voltage source other terminal and the second 
probe fourth electrode, the second and third electrodes connected as separate inputs to a first differential 

30 amplifier (31), a balancing amplifier (32) having its input interconnected with the oscillatory voltage source 
other terminal and its output fed into a second differential amplifier (28), lead means interconnecting the first 
differential amplifier output with the second differential amplifier input the second differential amplifier 
output connected to a digitizing means (39), said digitizing means forming a digital signal fed into a 
microcomputer (33) to vary the resistance-capacitance impedance means to a value approximately the 

35 impedance of the epithelial tissue. 

6. Apparatus for location within the body of a test subject to use in measuring epithelial tissue 
impedance, characterised by; 

a generally cylindrical unitary probe (10) including in the order recited, a conical insulative nose (20), a first 
conductive annular electrode (16) affixed to the nose, an insulative cylinder (19) having one end secured to 
40 the first annular electrode, a second conductive annular electrode (17) secured to the insulative cylinder, 
and a second insulative cylinder (18) affixed to the second electrode; 

a second generally cylindrical unitary probe (12) including an insulative nose (20), a first conductive annular 
electrode (16), an insulative cylinder (19), a second annular electrode (17) and a second insulative cylinder 
(18), said second probe having an outer diameter enabling receipt of said second probe within a blood 
45 vessel (13) of the subject; and 

individual lead wires (22,23) connected to the first and second probe electrodes. 

7. Apparatus as in claim 6, in which the probe and working electrodes are constructed of silver coated 
with silver chloride. 

8. Apparatus for use in effecting epithelial tissue impedance measurements within a test subject, 
50 characterised by; 

a first probe (10) having first and second annular electrodes (16,17) arranged in spaced relation by an 
intervening insulative member (19); 

first and second lead wires (22,23) having an end connected respectively to the first and second annular 
electrodes; 

55 a second probe (12) having third and fourth electrodes (16.17)with lead wires (22.23) connected thereto; 
bridge circuit means interconnected with the lead wires of the first and second probe electrodes having a 
first stage configuration Including a source of oscillatory voltage (26) with two terminals, a lead wire 
interconnecting the first electrode with one terminal of the oscillatory voltage source, a selectively variable 

13 



BNSDOCID: <EP_ 



027561 7A1_I_> 



0 275 617 



I 



resistance-capacitance impedance means (29) interconnected between the oscillatory voltage source other 
terminal and the second probe fourth electrode, the second and third electrodes connected as separate 
inputs to a first differential amplifier (31) having an input impedance greater than that of the tissue 
impedance, a balancing amplifier (32) having its input interconnected with the oscillatory voltage source 

5 other terminal and its ouput fed into a second differential amplifier (28), lead means interconnecting the first 
differentia! amplifier output with the second differential amplifier input the second differential amplifier 
output connected to a digitizing means (39), said digitizing means forming a digital signai fed into a micro- 
computer (33) to vary the resistance-capacitance impedance means to a value corresponding to the 
impedance of the epithelial tissue; and 

70 means responsive to microcomputer control for adjusting the resistance-capacitance in impedance means 
to remove error impedances associated with cabling, internal equipment and circuit sources. 
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